Introduction
The baroreflex loop is an important cardiovascular control mechanism for short-term blood pressure (BP) regulation. Baroreflex sensitivity (BRS) can be defined as the transfer function between heart rate (HR) and BP changes [1] . Spontaneous BRS is clinically relevant as a predictor of cardiovascular mortality [2] , and physiologically as an indicator of sympathetic and parasympathetic autonomic regulation, for example, in patients with diabetes [3] . Therefore, the identification of the relevant sources of dysfunctional BRS is important. However, there is a poor understanding of the determinants of spontaneous BRS. Impaired BRS in hypertensive patients has been suggested to be in part genetically determined [4] . The relative contribution of genetic influences to individual variation in BRS can be estimated in a twin design.
The only twin study available on BRS reported heritabilities (standardized genetic contribution) between 0.36 and 0.44 for spontaneous BRS, but this heritability was calculated for BRS measured in rest conditions only [5] . At rest, the BRS is predominantly a measure of cardiac vagal regulation [6] , whereas, in general, under mental stress conditions the contribution of sympathetic activity increases. Different BRS levels due to shifts in sympathetic/parasympathetic balance in rest versus mental stress conditions have been reported before [1, 7, 8] and shown to be reproducible [9] . It can thus be hypothesized that the heritability of BRS differs across conditions. It is unclear, however, whether the magnitude of genetic and environmental influences on BRS variance differs during resting and mental stress conditions. In this paper we study the genetic influences on individual differences in spontaneous BRS assessed during two rest and two mental stress conditions. Different techniques (e.g. pharmacologically, spectral analysis, sequence method) are available to quantify baroreflex gain. In the current study the gain of the transfer function between HR and BP changes is used to calculate BRS. Using multivariate genetic model fitting, we also examined the underlying genetic and environmental factor structure of these measures.
Methods

Subjects
This study is part of a larger project named the Twin Interdisciplinary Neuroticism Study (TWINS) in which the genetic and environmental origins of neuroticism are explored. The sample for the TWINS study was selected from the Groningen Twin Register (GTR). To establish the GTR, nine municipalities with more than 31 000 inhabitants in the north of The Netherlands were requested to provide addresses of inhabitants born between 1972 and 1992, from the same mother with an identical date of birth. All GTR participants filled out a survey, which included, among others, a zygosity questionnaire [10] . In total 125 female twin pairs visited our psychophysiological laboratory. Zygosity of this target group was determined using 10 microsatellite markers. Due to technical failures, zygosity of three twin pairs could not be determined by DNA genotyping; for these pairs survey data on zygosity were used instead. Status of medication use was assessed upon arrival in our laboratory, and subjects were categorized as non-users, antihypertensive users, and users of other medication. Body weight and height were measured for body mass index (BMI) calculation. The Ethics Committee of the University Medical Center Groningen approved the study, and all subjects gave written consent prior to participation. Table 1 shows the general characteristics of our study population.
Protocol and measurements
Subjects were measured in the sitting position during four conditions: a rest condition (rest1), a mental stress condition with visual feedback (stress1), a mental stress condition with auditory feedback (stress2), and a second rest condition (rest2). In the stress conditions, subjects performed a mental stressing, modified version of the 'emotion face dot-probe' task [11] . On each trial of the task, a pair of faces [12] was presented for 19 ms, immediately followed by a mask for 50 ms, and then in the location previously occupied by the two masked faces dots appeared: 11 dots on one side, and 3 or 4 dots on the other side. Subjects indicated whether 3 or 4 dots appeared by button response as quickly as possible, while avoiding errors. Although the two stress tasks were essentially the same, in the second auditory feedback task subjects were 'punished' for a wrong answer by exposing them to white noise of 100 dB for 0.5 s. Such a quite invasive feedback method can be expected to affect the way subjects respond to a second mental stress task. For this reason, the test sequence of the conditions was not randomized. Cardiovascular measurements started after the subjects had relaxed in the sitting position for at least 10 min, and each condition lasted for about 5 min. Immediately after the final rest condition an armcuff was fixed around the upper arm to assess clinical BP (Omron M1 semi-automatic BP monitor; OMRON Healthcare Europe BV, Hoofddorp, The Netherlands). BP was measured twice within 2 min; a mean value was calculated and used in further analyses.
The Portapres device continuously recorded spontaneous fluctuations in beat-to-beat finger BP (FMS Finapres Medical Systems BV, Amsterdam, The Netherlands) [13, 14] . A cuff was fixed around the middle phalanx of the third finger on the right hand, which was kept at heart level. HR was measured by a three-lead electrocardiogram (ECG). Changes in thoracic respiration signal were measured with a flexible band fixed around the upper part of the thorax. Respiration signals were filtered online with a high-pass filter with a time constant of 20 s. R-peak arrival was measured with an accuracy of 1 ms. Respiration and BP were sampled with a frequency of 100 Hz using the same computer clock that controlled Rpeak triggering. [15, 16] . This method for BRS calculation has been applied before [1, 3, 17, 18] . The program allows for discrete Fourier transformation of non-equidistant systolic BP and IBI series. The analysed time series were corrected for artefacts and checked for stationarity. BRS was defined as the mean modulus between systolic BP and IBI in the 0.07-0.14 Hz frequency band with a coherence of 0.3 or higher, and expressed in ms/mmHg. The gain in the 0.07-0.14 Hz frequency band is influenced by both branches of the autonomic system, as is shown in several blockade studies [19] [20] [21] . It has been shown previously that the narrow band around 0.10 Hz is a valid band for determining changes in short-term blood pressure regulation [16, 22] , in particular when studying effects of mental stress [23, 24] . For respiration, spectral power values were calculated, which were used in the BRS quality check procedure [23] .
After BRS calculation, the quality of the dataset was assured by exclusion of:
(1) 20 BRS values that were based on less than three frequency points; (2) 13 BRS values that were based on measurements of which more than 10% of the BP signal had been corrected by CARSPAN and/or contained too many artefacts (that is, showing signal gaps of more than 5 s of IBIs and/or more than 10 s in systolic BP signals); (3) 9 BRS values that were based on measurements lasting less than 100 s; and (4) 19 BRS values based on unreliable IBI spectral power values due to power influences from the respiration signal in the 0.07-0.14 Hz band, caused by slow breathing (during normal breathing the respiration peak can be expected around 0.25 Hz).
Two subjects were excluded because of supraventricular extrasystoles (8 BRS values), and 31 BRS values were excluded because of other reasons, e.g. talking, coughing during the measurement, or IBI power in the 0.15-0.50 Hz band instead of the 0.07-0.14 Hz band. In all, we obtained 876 (87.6%) measurements that met our quality criteria and were thus included in our final data set. So we had 12.4% unobtainable BRS values, which is better than those obtained in previous studies using spectral analysis where between 19 and 37% unobtainable BRS values were reported [17, 25, 26] . Individuals from whom no reliable BRS values were obtained were comparable to subjects with reliable values regarding age, BMI and clinical BP.
Statistical analyses
Analyses were applied on three types of BRS scores: on uncorrected BRS data; BRS data corrected for the effects of age, BMI and medication-use; and on data corrected for the effects of age, BMI, medication-use, systolic and diastolic BP. Status of medication use was entered into the regression procedure as dummy variables. The effect of medication use was marginal, so we decided to regress out any possible effects rather than to exclude individuals. The effects of the other possible confounders were also very small, but to make our results comparable to the results reported by Tank et al. [5] , they were also regressed out prior to genetic modelling. Genetic modelling was performed on the unstandardized residuals of the autonomic function measures after the confounding effects were regressed out in SPSS (Version 12.0.2; SPSS Inc., Chicago, Illinois, USA). Since the univariate analyses on the three types of BRS scores, which can be obtained upon request, were essentially the same, only the results on the BRS data corrected for the effects of age, BMI, medication-use, systolic and diastolic BP are reported in the current paper and used in subsequent multivariate analyses.
Genetic model fitting
In the classical twin model the differences between monozygotic (MZ) and dizygotic (DZ) covariances on a trait are used to investigate the relative contribution of genetic and environmental influences to individual differences in a trait. The observed variances/covariances of twin data are expressed as a function of latent genetic and environmental factors. The variance components considered are additive genetic variation (A); shared environmental variation (C) and a unique environmental component (E) that is not shared by family members and includes measurement error. For MZ and DZ twins reared together C correlates perfectly, whereas A correlates 1 in MZ twins and 0.5 in DZ twins since MZ twins share all their genes and DZ pairs 50% on average. The total variance of a trait for each individual is the sum of A, C and E. The effect and significance of these factors are inferred by fitting the observed covariances of the data for MZ and DZ pairs to their predicted covariances of the hypothesized model (ACE, AE, CE or E). The structural equation modelling program Mx (Version 1.3.65) was used to estimate model parameters by minimizing a goodness-of-fit statistic between observed and predicted covariances [27] . We used the raw maximum likelihood analyses, which automatically handle many missing data problems.
To improve on statistical power, we analysed the repeated measurements of the two BRS conditions in multivariate genetic models, rather then each one separately. The first genetic model fitted was a basic Cholesky decomposition in which the maximum number of A, C and E factors (as many as there are observed variables) are specified. We compared the fit of this model to that of two more parsimonious factor models; an Independent Pathway (IP) and a Common Pathway (CP) model. In addition to the ACE factor structure, trait specific A (A sp ), C (C sp ) and E (E sp ) factors are specified in the IP and CP models (Fig. 1) . (1) ¼ 0.1, P ¼ 0.76). So, compared to the initial rest condition, BRS was reduced during mental stress, and did not recover to its initial level in the second rest. In these analyses we did not assume that means would differ across individuals within a twin pair.
Results
Indeed, the means for BRS were equal across individuals in MZ twin pairs; however, due to small sample fluctuations, small differences for some means were found across twins in DZ pairs and all means were specified as free parameters in further analyses. Means for BRS in all conditions did not differ between MZ and DZ twin pairs. The correlations within a twin cross traits for BRS measurements are also given in Table 2 , and twin correlations within traits for MZs and DZs separately are given in Table 3 (correlations cross traits are available upon request). All MZ correlations within traits are more than twice the DZ correlations, suggesting nonadditive (dominance) genetic effects. However, given the lack of power to detect non-additive genetic effects due to small sample size, we explore only models with shared environmental effects.
Genetic model fitting
We first looked at the heritability estimates of each of the tasks separately (univariate analyses). The general pattern that emerged was that A and C could be dropped individually from the ACE model, but not together (i.e. the E model showed a significant decline in fit). This means that we only had power to show significant effects of familial resemblance (AþC) for all conditions. That these effects should be attributed to lack of power instead of non existent genetic effects was reflected in the large 95% confidence intervals (CIs) that often included the 0 value. The estimates for familial resemblance were 41% in the first rest, 39% in the mental stress task with visual feedback, 37% in the mental stress task with auditory feedback, and 17% in the second rest. The Cholesky model, the Independent Pathway (IP) and the Common Pathway (CP) models. Subscript sp, specific; A, additive genetic variation; C, shared environmental variation; E, unique environmental variation; L, latent; Rest1, baroreflex sensitivity (BRS) during the first Fig. 1 (continued ) rest condition; Stress1, BRS during the first mental stress condition; Stress2, BRS during the second mental stress condition; Rest2, BRS during the second rest condition. Models are depicted for one twin only. For simplicity, for the Cholesky model the C factors were omitted. Note that in the IP model a single A, C and E factor independently influence the observed BRS values in addition to trait-specific A (A sp ), C (C sp ) and E (E sp ) factors, and that in a CP model the four observed BRS values load on a latent (L) BRS construct which is influenced by one A, C and E factor.
To improve on power to show heritable differences, we analysed the four conditions where BRS was measured simultaneously (multivariate analyses, Table 4 ). We first looked at different nested models within the three different genetic models (Cholesky, IP, CP). In the Cholesky model A and C effects could be dropped one at a time (model 1a and 1b) and simultaneously (model 1c) without a significant decline in fit, i.e. this model shows no significant familial effects. In the IP model, the effects of test-specific A and C influences were non-significant (model 2a), but the effects of the shared A and C factor were significant [Dx 2 (4 df) ¼ 18.5 and 10.0, respectively]. In the CP model, again the effects of test-specific A and C influences were non-significant (model 3a). The effects of C on the latent BRS phenotype was non-significant, whereas the effects of A was just significant [Dx to the large number of dropped A and C parameters (which were mostly non-significant), the difference in x 2 is low and the total test will result in a non-significant decline in fit.
The final model, thus, included one shared A, C and E factor and four specific E factors (model 2a). This means that the same genetic and environmental factors were found to influence individual differences in BRS during rest and mental stress conditions, although their magnitude differed. In Table 5 , the standardized variance components of this model are given. We found higher heritabilities (a 2 ) in the two mental stress conditions compared to the rest conditions, and higher shared environment effects (c 2 ) in the two rest conditions compared to the mental stress conditions. However, these effects were not significant since the CIs of the estimates overlapped.
Discussion
The main goal of the present study was to estimate the magnitude of the contribution of genetic and environmental influences on inter-individual variation in BRS measured during rest and mental stress conditions. In agreement with the univariate analyses, the multivariate analyses revealed significant familial resemblance, which was clearly mainly due to genetic contributions. Genetic effects were slightly higher after correction for age, BMI, medication-use, and additional adjustment for systolic Genetic influences on baroreflex sensitivity Riese et al. 1783 N, number of individuals. The within a twin cross trait correlations are constrained cross zygosity groups and twins in a pair to get one set of six correlations. and diastolic BP. This increase, however, was marginal, and may be attributed to more homogeneous BRS data after correction for these known confounders.
Multivariate analyses indicated that the same genetic and shared environmental factors affected individual differences in BRS in all four experimental conditions. This finding suggests a stability of genetic and environmental influences across conditions. We were unable to conclude significant heritable and shared environmental effects on their own, due to lack of power (small sample and effect size). For all conditions, however, familial resemblance was found, which was clearly mainly due to genetic contributions. The trend for higher genetic effects in mental stress conditions (42 and 45%) compared to rest conditions (14 and 22%), and higher shared environment effects in rest conditions (14 and 16%) compared to mental stress conditions (0.5 and 1%) is remarkable. This differential balance between genetic and shared environmental influences for rest and mental stress conditions is in agreement with findings on BP. In a laboratory study of adolescents, essentially the same genetic and shared environmental influences affected individual differences in BP during rest and during mental stress; higher heritabilities were found during mental stress compared to rest conditions, and some evidence was found for a small contribution of shared environmental factors especially under rest conditions [29] .
Most evidence suggests that BRS is partly influenced by genetic factors [4] , and indeed previously identified polymorphisms seem to explain part of the variance in BRS [30, 31] . However, until now only one study reported on the heritability of BRS, in that case obtained from 5-min measurements during a rest condition [5] . The magnitude of the genetic effects in their rest condition (around 40%) is comparable to the genetic effects in the mental stress, but not to the genetic effects in the rest conditions of our study. Since both studies have comparable sample sizes and MZ/DZ ratios, these discrepancies in findings may be attributed to BRS measurements in different postures (semi-supine versus sitting body position), the inclusion of both sexes or only female twin pairs, differences in applied methodology, or a wider age range in Tank et al.'s study.
Limitations of our study are, as mentioned before, the relatively small sample size. This limitation might also have affected the heritability estimate, as reported in M , best fitting model assessed by likelihood ratio x 2 test and AIC, which takes into account both the goodness of fit and the parsimony of the model and can be used to compare non-nested models. The fit of a reduced model will be better (i.e. the dropped parameter will be non-significant) if the difference in x 2 does not exceed the critical value (at the 0.05 level) for that number of degrees-of-freedom (e.g. 3.84 for 1 df). Tank et al. [5] , although their results did not include any formal model fitting tables nor CIs around reported twin correlations. However, when accepting the laboratory session as being rather demanding for volunteers, and the data-analysing procedure quite time consuming, one should appreciate the number of valid measurements obtained. Moreover, by using an experimental repeated measurement design, selecting a relatively homogeneous group of young, healthy female participants and performing multivariate analyses, we largely worked around this disadvantage. The recovery of the mean BRS after the stress-induced reduction of BRS was not as pronounced as expected. The inclusion of a longer rest period in future studies might be advisable for complete recovery to initial BRS level. However, the comparable estimates for genetic and environmental influences for both rest conditions suggest that a prolonged recovery period would not have altered the current results. Furthermore, it should be noted that the technique for BRS estimation used in the current paper is not the only technique available for BRS estimation. It is in our opinion, however, the most appropriate choice to study the differences in genetic and environmental influences on BRS during rest and mental stress, since the BRS determined by the gain of the transfer function between HR and BP in the 0.07-0.14 Hz band is particularly sensitive for mental stress. And finally, since only young women were included in the study, we could not test for possible gender differences.
To conclude, familial resemblance for BRS in all conditions was found, which was clearly mainly due to genetic contributions. The same genetic and shared environmental factors affected individual differences in BRS in all four experimental conditions. This finding suggests a stability of genetic and environmental influences across conditions, although the magnitude of genetic influence differed across tasks. The present paper is only the second paper showing a heritable influence on BRS, and the first to show a trend for an increase in genetic influences under mental stress, a pattern previously found for BP. Genetic influences explained up to 45% of the individual variation in BRS. Since BRS was shown to have a considerable proportion of genetic variance, it would make an useful candidate trait for future association and linkage studies in the search for genes influencing autonomic regulation and cardiovascular disease risk.
